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CLAY INFLUENCE ON THE THRESHOLD OF MOVEMENT AND
PHYSICAL PARAMETERS OF SAND-MUD DEPOSITS
By
Ioannis Polykarpos Panagiotopoulos
The erosion of mixed sediment deposits is described, under the action of unidirectional
steady currents and (simulated) waves, separately, and in combination. The experiments
were undertaken using a rectangular recirculating flume, incorporating an oscillating tray.
The mixtures consisted of angular fine-grained quartz sands (D50=152.5 /xm and 215 /zm)
combined with a very cohesive estuarine mud.
Time-averaged erosion threshold current speeds, during the unidirectional and
combined flow experiments, were measured. In addition, pore (water) pressure
measurements, during the oscillatory and combined flow experiments, have been
monitored.
The results obtained under the action of currents show that there is an incremental
increase, with clay content, in critical erosion shear stress. This increase is small for clay
percentages lower than 11% (dry weight); it is larger for clay contents in excess of
11-14%. The quantity and cohesive nature of the clay fraction are suggested as the
mechanisms to explain the bi-modal pattern of sediment erodibility. When the mixtures
were subjected to different pre-threshold current speeds, together with various time-
periods of flow, the critical erosion shear stress was higher than the original. In this
process, current velocity is more important than flow duration.
Data obtained under the influence of simulated wave action show that, for clay
contents < 11%, sediment erodibility is unaffected by the increasing clay concentrations.
However, with clay contents in excess of 11-14%, a positive linear function may describe
the variation in erosion threshold with clay content.
Results obtained under the co-linear combined action of waves and currents
demonstrate a significant and positive linear relation between erosion threshold and the
cohesive additive. Furthermore, waves protect the sediment/water interface from the
eroding competence of the steady currents. The resistance to erosion increases with a
decrease in wave period (from 10 s to 6 s).
The pore pressure response in the bed indicates a dramatic reduction in the magnitude
of pore water pressure fluctuation; this occurs within the upper 20 mm of the sediment
deposit, when the clay content exceeds a crucial value of 11-14%. The different rheology
of the muddier sediments may explain this phenomenon.
Finally, the shear strength of the sediments, determined through liquid limit and
rheological (yield stress) measurements, is also increaced significantly when the
percentage of clay material is higher than the value defined above (11-14%).To my beloved SofiaCHAPTER 4. METHODOLOGY 99
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Fig. 2.1. Transition from laminar flow to turbulent flow, in the boundary layer developed
adjacent to a flat plate retained parallel to the flow (after Middleton & Southard, 1984).
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Fig. 2.2. Diagrammatic representation of the velocity profiles for (A) Smooth turbulent,
and (B) Rough turbulent flow. The thickness of the layers are not to scale (from Dyer,
1986).
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Fig. 2.9. Threshold curve for muddy sediments. The dashed line is only
approximate, since the actual threshold for mud depends upon mineralogy,
concentration etc (from Dyer, 1986).
Fig. 2.10. Diagrammatic sequence of suspension caused by a burst. Shaded area
is a zone of low velocity fluid (from Dyer, 1986).
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A - Flywheel
B - 9-position crank pin mounting strip
C - Counterweight
D - Crank pin
E - Connecting rod
F - Crosshead & slide bars
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I - Cable
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J - Flume
K - Adjustable tail gate
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M - Pump & motor
N - Gate valve
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R - Stand for crank & motor
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Fig. 3.1. General arrangement of the flume used in the present study (after Tomlinson, 1993).Laser beams
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Fig. 3.5. Laser Doppler Anemometer arrangement (from Tomlinson,
1993).
88Fig. 3.7. Pore pressure transducer.
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Fig. 4.1. Cross section of the flume, showing the circular test section
containing the sample and the location of the pore pressure sensor (schematic).
125Fig. 4.5. Initial calibration of the pressure
sensor, located within the test section and
beneath the sediment/water interface.
Fig. 4.6. Calibration of the pressure sensor Fig. 4.7. Re-calibration of the pressure sensor
located at the surface of the oscillating plate. situated beneath the sediment/water interface,
following the introduction of a new power
supply (see text).
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Fig. 4.10. Pressure signals obtained during Study B. Key:
Pressure 1 obtained from the sensor located at the top of
the oscillating plate; pressure 2 obtained from the sensor
located in the test section.
131Plate 4.1. General plan view of the oscillating bed, incorporating the circular test area and
surrounding sand-covered rubber mat.
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Fig. 7.2. Simultaneous water velocity (upper plot) and
pressure (lower plot) measurements, demonstrating the
existence of a standing wave in the flume during the
oscillatory hydraulic experiments (strokes of 0.468 m and
0.568 m; and period of 3.20 s) .
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Fig. 7.46. Pore pressure records in relation to the
amplitude of the pressure head (solid lines) transmitted
into the 215 jum sand admixtures containing 40% and 50% of
mud respectively, under a wave stroke of 0.4 68 m and
periods of 6.20 s and 6.55 s, respectively.
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Fig. 7.56. Pore pressure records as threshold is approached
in relation to the amplitude of the pressure head (solid
lines) transmitted into the 215 /Ltm sand admixture
containing 40% of mud, under a wave stroke of 0.378 m (wave
periods of 4.57 s and 4.07 s) .
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Fig. 8.3. Regression analysis for the mean threshold speeds
of the current component related to the 152.5 jum sand
admixtures, for near-bed wave amplitudes of 0.283 m,
0.378 m, 0.468 m and 0.568 m and periods of (a) 10 s and
(b) 6 s.
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